Abstract This paper explores the potential of using subjective well-being (SWB) data to value environmental attributes. A theoretical framework compares this method, also known as the lifesatisfaction approach, with the standard hedonic pricing approach, identifying their similarities and differences. As a corollary, we show how SWB data can be used to test for the equilibrium condition implicit in the hedonic approach (i.e., equality of utility across locations). Results for Ireland show that the equilibrium condition required by the hedonic pricing approach in Irish markets does not hold. They also show that air quality, in the baseline specification, and warmer climate, across all the specifications, have a significant positive impact on SWB. Their associated monetary estimates, however, seem too large.
Introduction
As changes in environmental quality have become of greater public concern and an important challenge for public policy, increasing attention has been paid by economists to finding means of eliciting the value of such changes. Since most environmental amenities are not traded in markets and so do not have an obvious price, several methodologies have been developed to estimate their value and the benefits and costs of changes in their quality. The literature on environmental valuation is now very extensive, with its methods typically classified as revealedpreference or stated-preference approaches.
Revealed-preference approaches are indirect valuation methods which are based on the actual behaviour of individuals. These methods utilise complementarity and substitutive relationships between non-marketed and various marketed goods to infer the value attributed to public goods from market transactions in private goods. Examples include the travel cost method and the hedonic pricing (HP) method. On the contrary, stated-preference approaches, such as contingent valuation and choice modelling, are direct methods of eliciting individual's preferences. They rely on asking people hypothetical questions to compute their willingness to pay (WTP) for improvements in environmental quality or their willingness to accept payment in exchange for bearing a particular loss (for reviews on this see Hanley et al., 2001; Bateman et al., 2002) .
Behind the use of SWB data in this and in previous papers, however, there is an implicit assumption that SWB scores are a good proxy for individual's utility. Despite a growing economics literature utilizing SWB scores as a proxy for utility, this issue is still controversial and we discuss it in Section 2.
In the empirical part of the paper, using data on SWB from Ireland in 2001, we first show that the equilibrium condition required by HP does not hold in Irish markets. Second, we estimate a microeconometric happiness function from which we can directly compute the marginal price of local environmental amenities and other measures of welfare change related to infra-marginal amenity changes (equivalent and compensating surpluses). The environmental attributes in our study are linked to each respondent's dwelling area using a Geographic Information System (GIS) data set. The novel use of highly spatially disaggregated data helps overcome the problem of not being able to capture the effects of environmental factors at the geographical level (local or regional) at which the individual experiences them, which has been identified in studies using cross-country observations (see e.g. Welsch 2006 , or Smith 2008 for a critique).
The factors identified by our model as affecting individuals' SWB are comparable with previous literature: warmer climatic conditions, across all the specifications, and air quality, in the baseline specification, have a positive and statistically significant effect of well-being as in Frijters and van Praag (1998) , Redhanz and Maddison (2005) , Welsch (2002 and 2006) and Luechinger (2009) . Their associated monetary estimates, however, seem too large. We argue that there might be an upward bias arising from the endogeneity of income, measurement errors and comparison effects. Externalities provided by water pollution, and proximity to landfills have a negative effect, although it is not statistically significant, as in Brereton et al. (2008) .
The paper is structured as follows. Section 2 presents an overview of the HP and LS approaches and a theoretical model illustrating their relationship . Section 3 presents a methodology to compute welfare measures with the LS approach. Section 4 describes the variables and data sources used in our study. Section 5 applies the methodology described in Section 3 to the calculation of the monetary value of location-specific factors in Ireland and presents the estimation results and robustness checks. Section 6 concludes.
Life Satisfaction and Hedonic Pricing approaches: an overview and comparison
Recent studies identify a common ground between the HP and LS approaches. Both can be applied to analyze the effects of location-specific attributes on individuals' quality of life and preferences about different locations. In particular, both approaches can be used to construct quality-of-life indices to rank locations (Moro et al. 2008) , and to value environmental attributes such as noise (van Praag and Baarsma, 2005) or air quality (Luechinger, 2009 ).
The standard HP method exploits the relationship between the characteristics of a location and house prices and wages (see Rosen, 1974; Roback, 1982; Blomquist et al. 1988 for seminal contributions). When choosing between different locations, individuals make trade-offs that reveal something about the value they place on surrounding local amenities. This choice affects the levels of rents and wages. In equilibrium, wages and rents must adjust to equalize utility across locations; otherwise some individuals would have an incentive to move to locations where they could attain a higher utility. More formally, this can be expressed as
where v is the indirect utility function of a representative individual, Taking the total derivative of (1) and suppressing the superindices for notational simplicity yields:
By rearranging (2), we can obtain the implicit price of amenities as the ratio between marginal utilities, i.e. the marginal rate of substitution:
Equation (3) indicates that, when the HP equilibrium condition holds, both approaches, SWB and HP, could provide, in theory, the same marginal price for environmental amenities.
Using SWB scores as a proxy for v, we can estimate equation (1) directly. A SWB regression on wages, amenities, and rents (and other controls) would yield estimates of the marginal utilities of the amenity v  / a  and income v  / w  , which could be used to compute the left hand side of equation (3). On the other hand, the HP approach would provide an estimate of the right hand side of equation (3) by using housing and wage regressions to estimate dr/da and dw/da, respectively.
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3 In our simple model, in order to illustrate the relationship between the HP and LS approaches we do not need to model the production side of the economy, including the production of housing. If we were to consider a non-traded good sector, housing, as in Roback (1982, Section II) , the indirect utility function would depend on the price of housing as opposed to the rental price of residential land.
The equivalence of both methods implicit in (3) depends not only on the equilibrium condition but also on the specification of the SWB regression. In order to provide an estimate of the marginal utility of the amenity (that is, the partial derivative a v   / ), as opposed to the overall effect of a change in the amenity on utility (i.e. the total derivative dv/da), other factors that compensate for changes in the amenity and that affect utility, in particular rents or housing prices, must be included in the regression. If they are omitted, then we would obtain an estimate of dv/da that, in equilibrium, by (2) should equal zero.
In disequilibrium, the individuals' utility is not equalized across locations and thus (1) does not hold. Consequently, the total variation in utility, dv/da, is not equal to zero, and the marginal price of the amenity in this case would be given by the sum of the hedonic differentials and the residual term (dv/da)/(∂v/∂w):
As it is clear from equation (4), in disequilibrium, the HP approach would provide biased estimates of the implicit price of amenities as the last term in the right hand side of equation (4), (dv/da)/(∂v/∂w), is ignored. However, as with equation (3), the left hand side of equation (4) could be derived directly from a SWB regression on amenities, wage and rents. If the SWB regression, however, were to omit other factors that compensate for the changes in the levels of amenities, we would obtain an empirical estimate of dv/da instead of ∂v/∂a. This is the route taken by van Praag and Baarsma (2005) and Luechinger (2009). Given the existence of frictions in the housing market in their study areas, dv/da would be different from zero and can be estimated in a SWB regression. The LS and HP approaches in these papers are thus complementary methods, since with the LS approach they estimate the "residual" term (dv/da)/(∂v/∂w), i.e. the part of the externality that is not compensated for in the housing and labor markets. Note that, as a special case, if the amenity is not capitalized in private markets at all, that is if (dr/da) = (dw/da) = 0, then from (4) dv/da = ∂v/∂a.
Our theoretical framework is general because it identifies how to use SWB data as a valuation tool independently of the equilibrium condition holding on private markets. The HP approach is based on strong assumptions of rationality, perfect information, instantaneous price adjustments, and no obstacles to the free mobility of individuals across different areas, which result in housing and labour markets perfectly compensating for differences in location-specific amenities. The valuation of local amenities elicited from individual choices on private markets might be biased in case of imperfections and bounded rationality (Freeman, 2003; Frey and Stutzer, 2005; Frey et al., 2004; Kahneman and Sugden, 2005) . For example, if there are moving costs, the marginal WTP obtained from hedonic models for, say, an improvement in air quality will be biased downwards. The benefit people get from moving to a cleaner city ought to compensate them not only for the higher rents and lower income, but also for the cost of moving. By incorporating moving costs into their hedonic models, Bayer et al., (2009) obtain marginal WTP estimates that are three times larger than those estimated by a conventional hedonic model using the same data.
In this context, an advantage of the LS approach is that it does not require the strong assumptions of rationality, perfect information and equilibrium in private markets, underlying revealedpreference methods.
Compared to conventional stated-preference methods, the LS approach might be able to capture to some extent the pure existence value of environmental goods and services (i.e., SWB might be affected by information regarding major events occurring far from the individual's dwelling area, such as a tsunami, extinction of large mammals, oil spills in marine natural parks, terrorism attacks, etc.). Evidence on this, however, is still scarce and contradictory. On one hand, Rehdanz (2007) finds a significant impact on LS of the number of bird and mammal species in the respondent's country and also in neighboring countries. On the other hand, a study by Berger (2008) using longitudinal German data finds that following the nuclear catastrophe of Chernobyl, environmental concern rose while LS changed little. This suggests that although people were aware of the severity of the catastrophe, their individual well-being was not affected by this global event.
Like HP, the LS approach avoids problems of strategic behaviour and lack of consideration of budget constraints and trade-offs among several substitutes reported in contingent valuation studies (Kahneman and Sugden, 2005) . The relationship between public goods and SWB can be implicitly deduced without respondents being aware that their responses will be used to that end (Frey et al., 2004; Welsch, 2002 Welsch, , 2006 .
The main caveat of the LS approach is related to the economic significance of self-reported well-being and its utilization as a proxy of the individual's indirect utility function. Despite a growing economics literature utilising SWB scores as a proxy for utility, this issue is still controversial. Clark et al. (2008) discuss at length whether there is a basis for believing that SWB is a reasonable measure of the economic notion of decision utility; i.e. the thing whose maximization leads to choice behaviour. This is particularly relevant for our study since the HP approach is based on maximizing choices in labor and housing markets. Clark et al. present support for the hypothesis that SWB is a good measure of utility in four areas. (Clark et al. 2008 ), but it may differ from decision utility. In order for there to be a general correspondence between decision and experienced utility, individuals must be capable of accurate affective forecasting. Because of underestimation of the extent of adaption to changed circumstances and because of the "focusing illusion" individuals forecasts of experienced utility are subject to systematic errors. Such errors induce preference anomalies in standard valuation methods based on decision utility that the experienced utility approach might circumvent (Kahneman and Sugden, 2005) .
A problem with eliciting experienced utility via SWB responses is that they may suffer from biases typical of surveys such as, for example, question ordering and wording (see e.g., Bertrand and Mullainathan, 2001) . In a recent paper, Krueger and Schkade (2008) study test-retest reliability of SWB and conclude that "while reliability figures for subjective well-being measures are lower than those typically found for education, income and many other microeconomic variables, they are probably sufficiently high to support much of the research that is currently being undertaken on subjective well-being" (p.1833).
In order to measure the effect of location-specific amenities on LS it is important that these are linked to the individual at the level at which she experiences them, i.e. at the local or regional levels. We argue that the utilization of GIS modelling to link location-specific attributes with the respondent's residence, and the associated high level of spatial disaggregation achieved, can help address this challenge in our SWB regression, especially when compared to previous crosscountry studies.
Finally, the valuation of intangibles using SWB scores requires the estimation of the marginal utility of income which, due to adaptation and aspiration effects and measurement error tends to be small leading to large estimated welfare measures. We come back to these issues when we discuss our empirical estimates and robustness checks in Section 5.
Methodology

Testing the hedonic pricing equilibrium condition
Using SWB scores as a proxy for individual's utility, we can test the equilibrium condition on which the HP approach is based. In order to perform such test, we could estimate the coefficients of the different components of equation (3) from wage and housing regressions and a comprehensive SWB regression on amenities, wages and rents to verify if the equality holds. However, implementing this test could be complicated. Unbiased hedonic differentials come 6 However, note that a SWB regression on a given amenity as the only explanatory variable (i.e. excluding rents and wages) would capture the total effect of a on utility (dv/da), signaling the presence of equilibrium in the private markets if the coefficient on the amenity is not statistically different from zero. This is what is done in Stutzer and Frey (2004) .
from well-specified hedonic regressions in which all the relevant job and house characteristics are included as covariates. Moreover, in large scale, non-local, studies one might need to specify different hedonic regressions for each house and job market.
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This kind of data is rarely available or reliable.
In this paper we propose a straightforward test, by simply comparing SWB scores across locations. According to equation (1), the equilibrium condition holds if utility is equalized across locations. Using SWB is a proxy for indirect utility ( k v ), in statistical terms, the differences in reported SWB should not be significant across different locations. Under the assumption that personal traits are averaged out, we carried out parametric (ANOVA) and non-parametric (Kruskal-Wallis) statistical tests to investigate the significance of SWB differences across different geographical levels (regions, local authorities and electoral divisions) in Ireland.
In addition to these unconditional tests, we propose another, conditional, test to account for structural differences among locations as personal traits may not average out. We ran a SWB regression with location fixed effectsδ k , k = {1,..., K-1}, controlling for individual characteristics x:
and compute an F-test of joint significance of location fixed effects. Formally the null hypothesis of δ k = 0 k  is tested against the alternative that at least one location fixed effect is nonzero. That is, after controlling for individual characteristics, the null hypothesis is that there are no systematic differences in SWB across locations as captured in the location dummies.
Marginal and infra-marginal valuation of amenity changes
From basic consumer theory we know that the marginal rate of substitution (MRS) between good w and a is the rate at which w can be substituted for a at the margin while holding the level of utility constant. If w is wage and a the level of a local amenity, the MRS between a and w yields the monetary value placed on a marginal change in the level of the amenity.
In order to obtain an estimate of their marginal utility, we need to expand (5) to include a vector of location specific amenities. In addition, since we are interested in the partial derivative ∂v/∂a, as opposed to dv/da, equation (6) includes wages and housing prices:
From (6), the implicit price for amenity a evaluated at the mean wage w , can be computed as:
Welfare economics suggests two additional monetary measures to account for the welfare effect of a discrete amenity change: (i) Compensating Surplus (CS) and (ii) Equivalent Surplus (ES). CS is the amount of money that would keep the individual at the original level of utility when a change in the provision of the amenity has occurred. ES is the amount of money that would move the individual to the new level of utility when a change in the provision of the amenity has not occurred (Freeman, 2003) .
Since with the LS approach the indifference curve over w and a is estimated directly, the monetary value of infra-marginal amenity changes can also be estimated directly without any further assumptions related to weak-complementarity and the expenditure function (Perman et al., 2003 and Welsch, 2006) . In other words, we do not need to estimate the Marshallian demand function and the related consumer surplus to get a monetary value of the welfare change (Bockstael and McConnell, 1993) .
Consider an increase in the quality or the level of the amenity from a 1 to a 2 so that a 2 > a 1 (e.g. a reduction of air and water pollution, a construction of schools or hospitals, etc.). We can compute the CS as the maximum WTP of individuals to secure the change in the provision of the amenity. This compensation equalizes individuals' utility (their SWB) before and after the change. Implicitly:
Using the SWB regression specification in (6) and solving for CS at the mean wage, we obtain:
Alternatively, we can look at the problem in terms of the ES, as the minimum amount of income that, were the change in the provision of the amenity not to occur, the individuals would need in order to reach the level of utility they would attain if the change took place.
Data
Micro-level variables
For the empirical analysis, data on individual's SWB and on socio-demographic and socio- For house prices, we used the (log of) average house price of each individual's dwelling area (mainly corresponding with the respondent's electoral division) adjusted by the number of rooms.
10 Table 2 reports the descriptive statistics of these variables by Irish region.
- Table 2 about here -
Environmental variables
Data on location-specific factors were linked to individuals' SWB and characteristics by matching the respondents' electoral division (ED) using GIS (as in Brereton et al., 2008) , as it is recognized that at local level "the linkage between environment and happiness is even more articulate than it is with respect to national data" (Welsch, 2006 p. 11) . The use of GIS modelling provides a methodological improvement over previous studies that have studied the impact of location-specific amenities on SWB. Such studies either control for one attribute only 9 Missing values represented 23.7 percent of those interviewed and were imputed based on the respondent's sociodemographic characteristics including age, gender, marital status, education level, area inhabited and employment status. The original income variable was divided in 10 categories, so mid-points were used (as in Stutzer, 2004) . The survey was carried out when Ireland was still using the Irish Pound, so we converted to Euros using the fixed rate of IR£1= €1.26974. The set of location-specific amenities particularly relevant to our study includes climate variables, local air pollution and the presence of a waste facility (i.e., landfill) and coast within the respondent's ED. The climate variables are the January mean daily minimum air temperature, the July mean daily maximum air temperature and rainfall -measured as mean annual precipitation in millimetres, (from Collins and Cummins, 1996) . Local air pollution data come from the Irish Environmental Protection Agency (EPA) and it is expressed in terms of annual mean ambient mass concentration of PM 10 in micrograms per cubic meter (EPA, 2002) .
Pollution levels recorded in the monitoring stations were assigned to our observations on the basis of the proximity of the respondent's ED to the stations. There are eleven fixed monitoring stations and one mobile unit distributed across Ireland. In the case in which the respondent's ED was near to more than one monitoring station, a weighted average of the different values was attributed.
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As a measure of water quality we used proximity to seriously polluted river as 11 We recognise that the number of monitoring stations may be low. Table 3 shows the descriptive statistics of the environmental variables by region.
- Table 3 about here -
Results
Testing for the equilibrium condition in the hedonic market
With values ranging from 4.68 in Dublin South to 6.89 in Galway County, Table 2 reports the descriptive statistics of the set of socio-demographic controls by region to show the spatial variation of these variables. To control for potential structural differences across regions, we performed a conditional test as detailed in Section 3.1. Equation (5) was estimated considering both local authorities and regions as fixed effects. Because the model with 7 region fixed effects is more parsimonious than the model with 33 local authority fixed effects, we present the results of the former, but the results of the latter are similar. The first column of Table 4 presents the coefficients of the region fixed effects estimated after an OLS regression of SWB on individual characteristics and region fixed effects. With an F-statistic(7, 99) equal to 5.31, the joint hypothesis of regional fixed effects equal to zero can be rejected at a 1 percent significance level.
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This test is in line with the results of the unconditional tests and confirms that even after controlling for individual characteristics, LS is significantly different across locations. The results are also robust to the OLS specification; the fixed effects were also significant when (5) was estimated using ordered probit.
14 One may argue that the optimisation (and the choice of location) may occur at a household instead of at an individual level; therefore our test would not be appropriate because it uses individual LS and it does not consider the household as the locus of decision. In order to tackle this issue, we repeated the tests (both unconditional and conditional) for the subsample of individuals who lived alone. The Chi-squares from the non-parametric Kruskal-Wallis tests at the regional, local-authority and ED levels equal 198.4, 407.8 and 547.3 respectively, which lead to the rejection of the null in all cases. The coefficients of the regional fixed effects from the OLS estimation of equation (5) for this subsample are presented in the second column of Table   4 . The F-statistic(7,60) equals 4.89, which leads to rejecting the null also in this case. - Table 4 
about here -
The results of all the tests show that SWB varies significantly across locations in Ireland, indicating that utility is not equalized among different locations and thus, that the standard equilibrium condition in HP does not hold and that the value of the amenities is not fully compensated for by markets.
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In this case HP valuation cannot provide correct monetary 15 These results are also robust to the ordered probit specification: Chi-square (7) = 30.26, p-value = 0.000. 16 The Dublin Region comprises four of the 34 local authority administrative areas (Dublin city, Dublin Fingal, Dun
Laoghaire and South Dublin) and with a population of 1.122 million represents almost a third of the entire population of the Republic of Ireland (CSO, 2003) . 17 We run a further test by using the answers to a question reporting the satisfaction with the area in which the respondent lives instead of the answers to a general LS question as the dependent variable. The result of this test
shows that satisfaction in this domain is not equalised across locations either (F(7,99)=9.76, p-value=0.000 for the test of equality of regional fixed effects).
estimates of the value of environmental amenities. The next section estimates these values using the LS approach.
Monetary Valuation
Baseline specification
We estimated equation 6 and present the results of the baseline specification together with the monetary values associated with the environmental amenities statistically significant in the first column of Table 5 . The estimates are derived from an OLS regression, but the results do not change when using ordered probit, as expected (see Ferrer-i-Carbonell and Frijters, 2004) .
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Among the individual characteristics, unemployment, income and marital status affect SWB significantly. Being unemployed correlates strongly and negatively with SWB (-0.71 at a 1% significance level). Income has the expected positive sign and it is significant at the 1% level.
Finally, as in Brereton et al. (2008) , we found that being married is associated to a decrease in SWB.
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As for the environmental variables, the coefficient on January minimum temperature is positive and significant at a 1% level, indicating preferences for warmer climate in winter (one additional degree of temperature in January temperature would increase the SWB by about 0.5 points on our cardinal SWB scale). The coefficient on July maximum temperature is also positive and significant, implying a preference towards warmer temperature in summer. A raising in July temperature by one degree would increase the SWB by about 0.2 points. These results are consistent with a recent study by Rehdanz and Maddison (2005) analyzing the effect of climate on SWB. They find that "modest global warming with higher winter temperatures would increase people's happiness, particularly, for those living in the North. Those living in regions already characterized by very high temperatures would lose out" (p. 120).
Being exposed to local air pollution in terms of mass concentration of PM 10 significantly reduces individual's well-being (the coefficient is -0.033). This translates into a loss of 0.75 points in SWB if the annual mean concentration were to increase by 150% (which corresponds to 50 µg/m 3 , the maximum value which should not be exceeded more than 35 times a year according to Directive 1999/30/EC).
- Table 5 about here -
In order to assess the monetary values of these environmental factors we computed their MRS
with income according to equation (7), using the estimated coefficients from the first column of In addition, we estimated the equivalent/compensating surpluses for discrete changes in January and July temperatures and PM 10 concentrations. For example, an individual would be willing to pay around €4,200 to experience an increase in January minimum temperature from 2.3℃ (the average January minimum temperature in Ireland) to 2.6℃ (i.e., the average minimum January temperature in the Dublin Region) and about €1,600 for an increase in July maximum temperature from 19.2℃ (i.e., the average July maximum temperature in the Country) to 19.5℃ (i.e., the average July maximum temperature around the Dublin Region). These changes translate into different ES (i.e., the minimum amount of income that the same individual would need in order to attain the higher level of utility he would have reached if the changes were not to occur). For the same changes in January minimum temperature and July maximum temperature the ES would be equal to about €5,200 and €1,800, respectively. Because PM 10 is a disamenity, the monetary values enter the table with a negative sign. An individual would be willing to accept about €3,200 for an increase in PM 10 from 20.4 µg/m
Robustness checks
It can be argued that in disequilibrium situations, HP estimates are biased while the monetary estimates computed using the LS approach incorporate the residual part of the externality not accounted for in private markets. Nevertheless, the monetary values reported in the bottom rows of Table 5 , seem too large. In columns 2-6 of Table 5 we report results from different specifications to check whether the estimates are robust to further spatial controls and to different specifications of the income variable.
In an attempt to control for additional location-specific factors, and, in particular, variables that may be correlated with pollution, we expanded the list of amenities to include distances to urban centres and transport infrastructures.
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The inclusion of two variables capturing whether the individual's ED is located within 5 Km from an urban centre and major roads in the second column of Table 5 Expanding the list of regressors further to include population density and crime rate (third column of Table 5 ) does not alter the coefficients and monetary values attached to January and
July that confirm to be robust across specifications, both statistically and economically, while the monetary values associated to PM 10 decrease further (for example, the MRS is equal to €328).
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Of the new variables, crime rate has a negative and significant impact (at the 10% significance level) on LS.
While large monetary estimates for intangibles are not uncommon in the economics of happiness literature, 22 we believe that they may be due, in part, to a common but overlooked issue associated with the cardinalisation of utility when using SWB as a valuation tool: a small estimated coefficient for the marginal utility of income. We believe that two factors may help explaining such small figures: biases in the income variable and comparison (adaptation/aspiration) effects.
The first problem includes measurement errors in the income variable used in the analysis. In our study, as in most cases, gross household income is given in intervals, it is self-reported and missing values were imputed. This may bias its estimated coefficient downwards. Regarding the second problem, while an increase in income initially provides extra pleasure, this effect is usually only transitory (Easterlin, 2001; Stutzer, 2004) . There is a large literature now showing that absolute income may not affect SWB because people tend to compare with their past 21 Population density was computed at ED level using data from Census 2002 (CSO, 2003) , while crime rate consists of number of headline crimes in the respondent's local authority area per 100,000 population (Garda Siochana, 2001 ). The correlation coefficients of these variables with PM 10 are both 0.56.
situations or their peers. It is 'relative' income that matters (see, e.g. Clark et al., 2008; Ferrer-iCarbonell, 2005; Mentzakis and Moro, 2008) . SWB regression on absolute income captures mainly the marginal utility after adaptation (the long-run marginal utility). Therefore, the utility consequences of changes in income may be underestimated. This effect would also bias the estimated welfare measures upwards.
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We included several measures of relative income but they were not statistically significant and were dropped from the final specification.
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The last three columns of Table 5 test the robustness of our results to changes in the measurement of the income variable. The fourth column of Table 5 shows what happens when self-employed people are excluded from the sample, following the hypothesis that incomes in As with the test of the equilibrium condition, to address the issue of using household-level variables to explain individual LS, we ran a SWB regression reducing the sample to one-person households for which household and individual variables (in particular income) coincide.
Although the number of observation drops significantly (N = 162) the results are comparable to those in the baseline. The coefficient of January temperature in the SWB regression is robust, the coefficient on PM 10 increases in size and significance and while July temperature stops being 23 Kahneman and Sudgen (2005) note that adaptation is not universal. There are some pleasures and pains to which people do not adapt. For example, people tend not to adapt to pain. Of more relevance to this paper, evidence (albeit scarce) seems to indicate that people may not adapt to environmental disamenities. For example, people do not adapt to noise (Cohen et al. 1981; Weinstein 1982) . statistically significant, its estimated coefficient does not change substantially. The monetary values for January and July temperature are smaller (for example, their MRS are around €7,300
and €2,800, respectively, roughly half of those in the baseline model), although they are not statistically different from those in the baseline regression, while for PM 10 they are comparable in size.
We also analyzed the robustness of the results to using an instrument for the income variable.
Endogeneity of income is a common problem in this literature. Happy people earn more and unobserved factors may lead to both greater LS and higher income. In addition, income generation is associated to costs such as working hours, stress, health risks, etc. that are difficult to control for. Omission of such factors induces downward bias in the income estimates. We attempted to reduce this problem by running a further model in which the log of the original household income variable is instrumented using social class. At the end of each interview, the interviewer was asked to assign a social class to the respondent on the basis of the information collected using a classification defined by the national statistics office of Ireland. Social class is an ordinal variable which takes a value of 1 for the highest social class and 6 for the lowest.
25 25 The social classes are identified on the basis of the broad occupation: professional, managerial and technical, non-manual, skilled manual, semi-skilled and unskilled workers (see http://www.cso.ie/census/documents/saps_cop_2002.pdf). In order to assess the validity of social class as an instrument for income, we first checked whether income and social class are correlated. The coefficient of social class in the first stage regression equals -0.29 (recall that social class goes from highest to lowest social class) with a p-value equal to 0.000 (R-square = 0.34; F(1,85) = 79.18). With only one instrument for income, our model is exactly identified and we cannot test for the exogeneity of social class. However, we can check whether social class has an impact on LS independently of income. We did that by adding social class to our LS regression (that includes income). Social class was not significant at any standard level of significance (p-value= 0.57; F(1,85)=0.32). In the same line, we included the residuals from a regression of social class on log of household income into our baseline LS regression. The coefficient on the residuals (-0.009 with p-value= 0.79) indicates that they are not correlated with LS.
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The results of the IV regression are shown in the last column of Table 5 . The coefficients on PM 10 and January temperature are robust under this specification too, while July temperature is not statistically significant. The monetary values for PM 10 and January generated from this model are comparable with the baseline, although in this case they are larger.
Conclusion and Further Research
This paper presents a comprehensive theoretical and methodological framework for the valuation of environmental and other location-specific amenities using subjective well-being data. In doing so, we clarify the ties between this method and standard environmental valuation techniques, in particular hedonic pricing. We show that the relationship between the two methods depends on whether the location market is in equilibrium and on the specification of the happiness function.
When wages and housing prices fully adjust to equalize utility across locations (i.e. the location market is in equilibrium), we show that both approaches could, in theory, provide the same marginal price for environmental amenities. When the location market is out of equilibrium estimates from hedonic regressions are biased. Happiness regressions can provide an estimate of the (full) value of the amenity if they include other factors that compensate for changes in the amenity and that affect utility, in particular rents or housing prices. If these compensating factors are omitted, we would obtain an estimate of the part of the externality not compensated for in hedonic markets.
In the paper we also show how life satisfaction scores could be used to test for the equilibrium condition required by the hedonic pricing approach in a straightforward way, which does not require information from housing or labour markets.
In our empirical application we use self-reported well-being to compute the implicit price of a range of local environmental amenities in Ireland. By using highly spatially disaggregated data (we use GIS to link environmental attributes to each respondent) we attempt to capture the effects of local and regional factors which are not captured in previous cross-country studies.
The factors identified by our model as affecting individuals' subjective well-being in Ireland are warmer temperatures, and local mass concentration of PM 10 . Overall, the impacts of these environmental attributes on utility are large and result in large monetary estimates. We argue, however, that there could be an upward bias in these monetary estimates resulting from a small estimated marginal utility of income used in their calculation. A series of alternative regressions in which we expand the set of controls and use different specifications for income, show that the results are robust in terms of statistical significance and direction of the effects (especially for January minimum temperature and PM 10 concentration), and that the size of the point estimates is always large, even when we instrument for income.
An in-depth investigation on the economic meaning of the relationship between subjective well-being as a proxy for long-run experienced utility and income is beyond the scope of this paper, but further results from this active area of research are of critical importance to the use of SWB data for environmental valuation. It is important to point out that, although the upward biases in the implicit values associated with measurement errors, endogeneity in the income variable and comparison effects, would lead to caution in the interpretation of the figures obtained using the life-satisfaction approach as upper-bound estimates, none of these caveats are present in the use of SWB scores to test for the hedonic-pricing equilibrium condition.
Moreover, SWB still offers valuable insights when assessing which environmental variables may be relevant in evaluating the quality of life of societies.
The survey
The (Moulton, 1990; Williams, 2000) . The reference group is the Midland Region. *** ,** and * denote statistical significance at 1%, 5% and 10% levels, respectively. (Moulton, 1990; Williams, 2000) . ***,**,* denote statistical significance at 1, 5 and 10% levels, respectively. The bottom nine rows of the Table report the monetary values calculated as specified in Section 3.2. MRS January (MRS July) stands for the Marginal Rate of Substitution (MRS) between income and an increase in minimum daily mean temperature in January (maximum daily mean temperature in July) by one degree centigrade. MRS PM 10 shows the MRS between income and an increase in the mean annual concentration of PM 10 of one microgram per cubic meter. CS January shows the WTP (compensating surplus) for an increase in January temperature from 2.3 degrees centigrade (the average temperature in Ireland) to 2.6 degrees centigrade (the average temperature in the Dublin Region, the capital's region). CS July shows the WTP for an increase of temperature from the average July temperature in Ireland (19.2 degrees centigrade) to the temperature experienced in Dublin (19.5 degrees centigrade). CS PM 10 shows the willingness to accept (see the negative signs) of an average Irish individual in order to avoid an increase of PM 10 concentration equal to the one in Dublin. ES expresses the same changes in terms of the minimum amount of income that the same individual would need in order to attain the higher level of utility he would have reached if the changes were not to occur
